Introduction
In th e previous papers in this series [1 , 2] I Arrhenius parame ters for th e reac tions of atomi c oxyge n (03P) with some alkanes and haloalkanes were reported. The results were interpreted in terms of a hydrogen atom abstraction mechani sm , and the react ion rates were found to be directly related to the number and types of C-H bonds_ In the present paper this work is extended to th e reactions of atomic oxyge n with so me cycloalkanes.
Experimental Section
The apparatus, which has been described pre viously [1] , consists of a discharge-flow system coupled to a mass spectrometer. Atomic oxygen was produced by passin g a flow of argon containing a few percent mol ecular oxygen through a microwave discharge. Reac tant gas was added through a movable inlet downstream from the discharge. The distance between the discharge and the reactant inlet was sufficient to allow for the quenching of any oxygen atoms in higher electronic states_ The reactor was a 20 mm in diam borosilicate glass tube which could be heated by means of a four-section resistance heater or by circulating fluid through a jacket surrounding the reactor. Temperature was measured with a Pt-Pt-l0 percent Rd thermocouple_ The uncertainty due to thermal gradients and th e measurement of emf was about 3°.
The contents of the reactor were continuously sampled through an orifice at the base of the reactor , I Fi gures in brac kets indi cate th e literature references at the end of thi s paper. located directly over the ionization chamber of the mass spectrometer.
In these experim e nts the ratio of the partial pressures of th e cycloalkane at times zero and t (i. e_, the time required for the gas stream to fl ow from the reactant inlet to the sampling orifice) was determined as the rati o of th e ion currents at th e appropriate mass with the discharge turned off and on. The atomic oxygen partial pressure was followed at mle 16 at about 20 e V ionizing energy (below the appearance potential of 0 + ions from O2), and the absolute value of its partial pressure determined by titration with nitrogen dioxide_ Rate measurements were performed with atomic oxygen in considerable excess and the extent of reaction kept small. Under these conditions the decay of the cycloalkane would be due solely to reaction with atomic oxygen. Further since at most only 10 percent of the atomic oxygen is consumed, the measured rate is not depende nt on the details of atomic oxygen loss. is the concentration of atomic oxygen. F or the c ase in which the loss of atomic oxygen is small, the integral may be replaced by the average value of the oxygen atom concentration times the overall reaction time.
The assumptions underlying this rate expression have been discussed more fully previously [I). Principally they are that the reactant A is lost only by reaction with atomic oxygen, and is not reformed in subse que nt reactions. These assumptions are satisfied by measuring the rate constants under conditions of excess atomic oxygen and low conversion of reactants.
However, this means that the value of the logarithm of the ratio [A]o/[A]t is small and very sensitive to u.n certainties in th e measurement of ion currents. This is reflected in the scatter of th e experimental data.
Results and Discussion
The experimental data and computed rate constants are given in tables 1-4. Velocity refers to linear fl ow velocity in the reactor and distance is that from the inlet to the mass spectrometer leak. Arrhenius parameters fo r the reactions studied were derived from plots of log k versus liT (figures 1 and 2) and are presented in table 5 along with derived rate constants at 298 and 1000 K. The reported uncertai nties are standard e rrors based on a linear least squares treatment of the data.
In studying the reactions of atomic oxygen with the alkanes, we observed [2] that the Arrhenius plots were curved. This was interpreted as being due to the different rates of abstraction at different C-H bond sites. Consistent with this interpretation we find that the data on the cycloalkanes which have only one type of C-H bond are best fitted by a straight line.
Only a limited amount of data is available with which to compare our res ults. Stuckey and Heicklen [3] have studied the cyclopentane and cyclohexane reactions using the mercury photosensitized decomposition of nitrous oxide as their oxygen atom source. The rate constants were measured relative to that of hexafluoro· propene which in turn was measured relative to 1-butene for which absolute values exist in the lite rature. Considering the limited precision of the data , and the amount of manipulation required to obtain the rate constants, the agreement between their rate constants and ours is reasonably good particularly near room temperature. The Arrhenius parameters differ con· siderably more. Because of the absolute nature of our measurements and the much greater temperature range employed we b eli~ve the res ults given here are to be preferred.
79
Reac t ant co n cen t rati on mol cm-a 10 -'0 k, cmamol -' s-' 10" (0)",. The only other data available is th a t of Avramenko et al. [4] who studied the cyclohexane reaction using a method based on the analysis of the final products of the reaction in a dis charge-flow experiment and the imposition of an arbitrary and in our opinion incorrect reaction mechanism. This work is discussed more fully by Kaufman [5] , and will not be considered further here.
The pre-exponential fac tors per C-H bond reported here for the C5 to C7 alkanes, i.e., (1-2) X 10 13 e m" mol-I S -1 are essentially the same as those found previously for the secondary C-H bonds in the normal alkanes [2] . Furthermore the activation energies for the cycloalkanes fit the same Evans·Polanyi expression • .
• derived e arlier for the alkanes. Thus , the present results are consistent with and support the hydrogen atom abstraction mechanism proposed previously [1 , 2] .
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